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CLAIMS 

1-133 (cancelled) * 

134. (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for the production of pure 
hydrogen which includes the use of : 

o far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next inner and a most inner one, having the most inner 
permeable cylinder te-be nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reforming reactions of said components. 
including next inner membrane and most inner membrane, with the most inner penneahle 
cylinder t«-ke filled with a reforming catalyst in pellet ojc particle Jfbnn which comes in 
co ntact with the reactant hydrocarbons, alcohols, steam and carbon dioxide, and inekttte 
inc luding gas heating tubes located along the most inner axis for heating the catalyst to 
the temperature of said reforming reaction, with th e ootalyot to-be i n pellet or particl e 
form, with the hydrogen product coming from the reforming reactions between 
hy drocarbons or alcohols with steam and carbon dioxide te-be continuously removed via 
permeation along the most inner membrane^ wherein the most inner membrane i* made 
from an inorganic or composite material, with the remaining reaction species to partially 
p e rm ea t e permeating as well via the most inner membrane, and with the permeated 
sjiecies to-be diluted by an inert carrier gas flowing along the next inner annular zone, 
with hydrogen only te-fee continuously removed via permeation along the nexi inner 
membrane and allow - for oontinuouo hydrogen withdrawal continuously withdrawn as 
wejl out of ihe most inner catalytic zone and for causing for the continuous equilibrium 
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shirt of the said catalytic reforming reactions evolving within this zone* with next inner 
membrane te-be made from a metal or non-porous inorganic material permeable only to 
hydrogen, mi with the pure hydrogen to permeate permeating through the next inner 
membrane and withdrawn along the far outer cylindrical zone. 
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135. (previously presented) The process of claim 134 wherein the mosi inner 
membrane is made from one or more materials selected from the group consisting of 
alumina, silica, titania, zirconia, yttria, and the next inner membrane made from one or 
more mnlerials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride* zirconium carbide and nitride, 
uiniahim carbide and nitride, palladium, silver, copper, zinc, tantalum, vanadium, 
tungsten. 

136. (previously presented) The process of claim 134 wherein the feed 
hydrocarbon or alcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-butane, i-butane, methanol, elhaiK>l, 
propanol. hutanot. naphtha, gasoline, natural gas. coal gas containing methane, landfill 
gas containing methane, flue gas containing methane, biomass and sewage gas containing 
methane. 

1.17. (previously presented) The process of claim 134 wherein the combined 

Iced hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a ( I l 4 and CO2 mixture, acidic natural gas containing CH 4 and C0 2 , coal gas containing 
C'll.i and CO>. landfill gas containing CH4 and CO2, biomass and sewage gas containing 
C.\ J 4 and C() :1 , Hue and waste gas mixture containing CII4 and COj. 

138. (currently amended) The process of claim 134, with wherein the reject 

trvil KlrcHVi from ihu mo»t innur and next inner annular zones is subject In ti oomlcnsnt iini 
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sicp which removes steam from the said reject exit stream, and subsequently passed 
through a membrane pcrmeator wherein the hydrogen and carbon dioxide giuses are 
separated b> permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and earbon monoxide exit from the non-permeate side of the 
permeator as a rejeet stream. 

I.V). (previously presented) The process of claim 138, wherein the reject stream 

front the pcrmeator containing each one or a mixture of un reacted hydrocarbons, alcohols, 
and earbon monoxide is fed in a consecutive steam reforming reaction zone for additional 
production of hydrogen and earbon dioxide gas products.. 

1*40. i previously presented) The process of claim 138, wherein the reject stream 

from the pcrmeator containing eaeh one or a mixture of unreacted hydrocarbons, alcohols, 
and carbon monoxide is recycled into the initial catalytic most inner reforming /one for 
continuous reforming reaction, 

141. ( currently amended) The process of claim 134, wkta where in the reject 

exit ******* s treams from the most inner and next inner annular zones fc+ have the 
contained steam removed by condensation and subsequently passed through a cryogenic 
separator,, wherein the contained in stream hydrogen and carbon monoxide are separated 
as gases, while the hydrocarbons, alcohols, and carbon dioxide are separated as 
condensed liquids and after heating are recycled back into the inlet of the preceding most 
inner eaLilytic reforming asono, WU» wherein the separated hydrogen «nd unrtmn 
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monoxide product mixture coming from the cryogenic separator W-be is used in 
following listed consecutive applications^ for fuel gas in solid oxide and molten 
carbonate fuel cells, for fuel gas in gas turbines and gas engines. 

142. (previously presented) The process of claim 141 wherein the reaeiiinl 

h)droc;irhi>n is methane and the reaelant alcohol is methanol. 

14.*. i currently amended) The process of claim 14), wherein a pan of the 

separated liquefied hydrocarbons, alcohols, ftftd/w and carbon dioxide components from 
the cryogenic separator are mixed with steam and fed into a subsequent reforming 
reaction /one for additional production of hydrogen and carbon monoxide. 

144. (currently amended) The process of claim 134. wherein the reject exit 
• stream consists of hydrogen, carbon monoxide and unreactcd steam and enters as a fuel 

g;is feed into i\ solid oxide or molten carbonate fuel cell for continuous; generation nf 
electricity. w*4h wherein part or all of the permeate hydrogen coming out of the preceding 
membrane /one to b e is fed as well in the fuel cell anode inlet in ord e r •■to-pf»*kle 
Rrovijjiig f" r the supplementary hydrogen fuel feed. 

145. (currently amended) The process of claim 144 wherein the Hue hot g.is 
emitted by rt tfie. fuel cell is used for at least partial heating of the preceding most inner 
analytic ls&iiLrtJL zone. 



PAGE 8/21 * RCVD AT 1 1/1/2004 4:22:42 PM [Eastern Standard Time] 1 SVR:USPT0-EFXRM/3 1 DN1S:3729306 * CS1D: * DURATION (mm-ss):05-50 



MOV-92-04 05:05 AM 



146, (currently amended) The process of claim 144 wherein j]& Hue hot gas 
emitted by the fuel cell comprises of steam and carbon dioxide and is recycled in the 
inlet of i lie preceding most inner catalytic zone for use us a reaettint in the reforming 

rcuciion. 

147. t currently amended) The process of claim 134 wherein the permeate 
h)drogui from the membrane zone is used as fuel feed in a consecutive fuel cell tor 
continuous generation of electricity, with wherein the fuel cell fre-be is one of the listed 
types: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline. 

i currently amended) The process of claim 147 wherein the flue hot gas 

emitted by the fuel cell to b e is used for at least partial heating of the preceding mosl 
inner caialytic /one. 

I4*>. (currently amended) The process of claim 147 wherein the flue hot gas, 

emitted by the solid oxide and molten carbonate fuel cell* which contains steam and 
carbon dioxide, to b e is recycled in the inlet of the preceding most inner catalytic zone 
for use as a reaclant in the reforming reaction. 

150. (currently amended) The process of claim 147. wherein the fuel cell is 

of ft cylindrical shape and its fuel anode encloses the cylindrical permrcactor rR-tM»d*w -u+ 
R^w-anii tfo iwumo by receiving and consuming directly the permeate hydrogen fcrn* 

6 
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fuck imtl-wrth wherein the flue hot gas emitted by the fuel cell te-W is used for at least 
partial heating of the enclosed most inner catalytic reforming zone. 

151. (previously presented) The process of claim 134, wherein the reject exit 

stream rich in hydrogen and carbon monoxide after steam condensation is used as fuel 
teed in a gas engine or a gas turbine for continuous generation of electricity, wto 
>yhtfrari part or all of the permeate hydrogen coming out of the preceding membrane 
zone Nv-K* is fed as well in the engine or turbine knord e r to provid e pr oviding for the 
supplementary hydrogen fuel. 
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152. (currently amended) A process for conducting catalytic reforming of 
hydrocarbons and alcohols with steam and carbon dioxide for produclion of pure 
hydrogen which includes the use of; 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
penncahle cylinder te-be nested within the next inner permeable cylinder thus defining 
three different annular zones for the catalytic reforming reactions of said c^rruxmcja ts. 
including next inner membrane and most inner membrane, with the annular space 
between the far outer and next-inner cylinders te-be filled with a reforming catalyst in. 
pellet or particle form which comes in contact with the reactant hydrocarbons, alcohols. 
stea rrj and carbon dioxide, with the oatoiyot to b e i n p e ll e t or particl e fem^ with the 
hydrogen profluct .coming from the reforming reactions betw een hydrocarbons or alcohols 
with steam and carbon dioxide te-be continuously removed via permeation along the 
next-inner membrane wherein the next-inner membrane is made from an inorganic or 
composite material, with the remaining reaction species to partially permeate permeati nu 
us well via the next inner membrane, m& with the permeated species te-fce diluted by ah 
inert currier gas flowing along the next inner annular zone, with hydrogen only fc*-be 
continuously removed via permeation along the most inner membrane in order to a l low 
causing for the. continuous hydrog e n withdrawal of hydrogen out of the far outer catalytic 
zone and for the continuous equilibrium shift of the said catalytic reforming reactions 
evolving within this zone, with the said most inner membrane te-be made from a metal or 
non-porous inorganic material permeable only to hydrogen, and with the 
jyjjl jcal^ d pure hydrogen to withdrawn along the must inner cylindrical zono. 
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153. (previously presented) The process of claim 152 wherein the next inner 
membrane is made from one or more materials selected From the group consisting of 
alumina, silica, titania. zireonia, yttria, and the most inner membrane mode from one or 
more materials selected from the group consisting of aluminum carbide and nitride, 
silicon carbide and nitride, titanium carbide and nitride, zirconium carbide and nitride, 
tantalum carbide and nitride, palladium, silver copper, zinc, tantalum, vanadium, 
tungsten. 

154. (previously presented) The process of claim 152 wherein the feed 
hydrocarbon or alcohol is a single component or a mixture of components selected from 
the group consisting of methane, ethane, propane, n-butane, i-butane. methanol, ethanol, 
propanok butanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
gas containing methane, flue or waste gas containing methane, biomass and sewage gas 
containing methane. 
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155. (previously presented) The process of claim 152 wherein the combined 
locd hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
a C\\.\ and COz mixture, acidic natural gas containing CH4 and CO:, gas containing 
1 1 I t and CO 2, landfill gas containing CH 4 and C0 2 > biomass and sewage gas containing 
t 1 1 1 and CO?, Hue and waste gas mixture containing CII4 and CO*. 

156. (currently amended) The process of claim 152. wherein the reject exit 
tffeam sj^&ujis from the far outer and next inner annular zones have the contained 
sieam removed by condensation, and subsequently be passed through a membrane 
permerttnr^ wherein the contained in stream hydrogen and carbon dioxide are separated 
h\ permeation via a polymer or composite membrane and the non permeated 
hydrocarbons, alcohols, and carbon monoxide exit from the non-permcute sidt- of the 
permcator ;is a reject stream, with where in the separated hydrogen and carbon dioxide 
product mixture to b e is used as a combined fuel-oxidant feed in a molten carbonate 
fuel cell. 

157. (previously presented) The process of claim 156, wherein thv reject 
stream from the permcator containing each one or a mixture of unrcacted hydrocarbons, 
alcohols, and carbon monoxide is fed in a consecutive steam reforming reaction /one lor 
additional production of hydrogen and carbon dioxide gas products. 

)5X, (previously presented) The process of claim 156. wherein the reject stream 

from <hi* p^nnentor containing each one or a mixture of unrcacted hydrocarbon*, alcohol*, 

JO 
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and carbon monoxide is recycled into the preceding catalytic far outer reforming /one /or 
continuous reforming reaction. 

159. i currently amended) The process of claim 152. wherein the reject exil 
*r*am streams from the far outer and next inner annular zones to have the contained 
strum removed by condensation and subsequently passed through a cryogenic separator 
wherein (he contained in stream hydrogen and carbon monoxide are separated us gases 
while the hydrocarbons, alcohols, and carbon dioxide are separated as condensed liquids 
and after heating are recycled back into the inlet of the preceding far outer cataKtic 
reforming /one. with wherein the separated hydrogen and carbon monoxide product 
mixture coming from the cryogenic separator to b e is used in ]ha following JjMcd 
consecutive applications^ for fuel gas in solid oxide and molten carbonate fuel cells, for 
fuel gas in gas turbines and gas engines. 

160. (previously presented) The process of claim 159 wherein the renctam 
hydrocarbon is methane and the reactant alcohol is methanol. 

I hi. (currently amended ) The process of claim 159, wherein a- pan of the 

sepuraled liquefied hydrocarbons, alcohols* and carbon dioxide component* from the 
cryogenic separator ate is mixed with steam and fed into a consecutive reforming reaction 
/one for additional production of hydrogen and carbon monoxide which is used in the 
following listed consecutive applications^ for fuel gas in solid oxide and molten 
cnrhonaic fuel cells, for fuel gas in gas turbines and gas engines;. 

M 
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162. (currently amended) The process or claim 152, wherein the reject cxil 

stream consists of hydrogen, carbon monoxide, and unreacted steam which and enters as 
a fuel gas feed into a solid oxide or molten carbonate fuel cell for continuous generation 
of electricity, wUh wherein part or all of the permeate hydrogen coming out of the 
preceding membrane zone to he is fed as well in the fuel cell anode inlet tn--*tfdef-u* 
prov i d e providing for supplementary hydrogen fuel feed. 

I A3, (currently amended) The process of claim 1 62 wherein the flue hot gas 

emitted by the fuel eel) to b e is used for at least partial heating of the preceding far outer 
catalytic reaction zone. 

164. (currently amended) The process of claim 162 wherein the flue hot gas 
emitted by the fuel cell containing steam and carbon dioxide, Hv-be is_ recycled in the 
inlet of the preceding far outer catalytic zone for use as a reaetanl in the reforming 
reaction. 

165. (currently amended ) The process of claim 152 wherein the permeate 
hydrogen from the membrane zone is used as fuel feed in a consecutive fuel cell for 
continuous generation of electricity, with wherein the fuel cell to be is one of the listed 
t>pes: solid oxide, molten carbonate, proton exchange membrane, phosphoric acid, 
alkaline 



11 
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166. I currently amended ) The process of claim 165 wherein the flue hot gas emitted 
h> the fuel cell to-be js used for at least partial heating of the preceding far outer catalytic 

/.one. 

167. (currently amended) The process of claim 165 wherein the Hue hot gas 
containing sleam and carbon dioxide, emitted by the solid oxide and molten carbonate 
fuel cell. te4»e is recycled in the inlet of the preceding far outer catalytic zone for use its a 
rvactnnl in the reforming reaction. 

168. (currently amended) The process of claim 165. wherein the fuel cell is 
of it- cvlindrical shape and its fuel anode encloses the cylindrical pormreactor +h-^hf^4o 
ptwive-mnl consume by receiving and consuming directly the permeate hydrogen gus as 
fuel, ami w i th wherein the flue hot gas emitted by the fuel cell te-tee is used for al luasi 
partial heating of the enclosed far outer catalytic reforming zone 

I6*>, (currently amended ) The process of claim 152. wherein the reject exit 

stream rich in hydrogen and carbon monoxide after steam condensation is used us fuel 
feed in a gas engine or a. gas turbine for continuous generation of electricity, wW* 
wherein part or all of the permeate hydrogen coming out of the preceding membrane 
/one to be ]_s_ fed as well in the engine or turbine in ord e r in provid e providing for tlie 
supplementary hydrogen fuel. 



(3 
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170. (currently amended) A process for conducting catalytic hydrocarbon reforming 
with carton dioxide, for production of pure hydrogen and carbon dioxide which includes 
tho use of: 

a far outer impermeable hollow tubular cylinder nesting two more concentric 
permeable tubular cylinders, a next-inner and a most-inner one, having the most inner 
permeable cylinder «e-be nested within the next inner permeable cylinder thus defining; 
three different annular zones for the catalytic reforming reactions of said components 
including next inner membrane and most inner membrane, with the annular space 
between the far outer and next-inner cylinders *e-be tilled with a reforming cattilyst in 
pellet or particle form whjch comes in contact with the reactant hydrocarbons and carb on 
dioxide, with hydrogen and carbon dioxide cominft from said reforming reactions to-be 
continuously removed via permeation along the next-inner membrane wherein the next: 
inner membrane is made from an inorganic or composite material, with the remaining 
ruiction species te partially p e rm e at e permeating as well via the next inner membrane and 
with the permeated species te-be diluted by an inert carrier gas flowing along the next 
inner annular zone, with said hydrogen and carbon dioxide species te-be continuously 
removed via permeation along the most inner membrane, causing for the continuous 
wit hdrawal of hydrogen out of the far outer cat alytic zone and for the continuous 
equilibrium shift of said catalytic refor ming reactions evolving within this zone, with the 
sujd most inner membrane te-fce made from a polymer or inorganic material which is 
permeable to both hydrogen and carbon dioxide species, with the permeated said binary 
hydrogen-carbon dioxide mixture te-be withdrawn by flowing along the most inner 
cylindrical zone. 
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171. {new) The process of claim 170 wherein the next inner membrane is made from 
tmc or more material!; selected from the group consisting of alumina, silica, lUania. 
zirconia. yttria, and the most inner membrane made from one or more materials selected 
from the group consisting of alumina, silica, titania, zirconia* yttria, polyimidcs 
polycarbonates, polyben/jimtdazoles,, polyphospazenos, polysuiiones. 
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H2. (previously presented) The process of claim 170 wherein the feed 

hydrocarbon or alcohol is a single component or a mixture of components selected from 
I hi- group consisting of methane, ethane, propane, n-butane. i-butane, methanol, ctlunwl. 
propanoic butanol, naphtha, gasoline, natural gas, coal gas containing methane, landfill 
gas containing methane, flue and waste gas containing methane, biomass and .sewage gas 
containing methane. 

173. (previously presented) The process of claim 170 wherein the combined 
feed hydrocarbon and carbon dioxide gas mixture is selected from the group consisting of 
;i C'l fa and COt mixture, acidic natural gas containing CH* and CO*, coal gas containing 
CI L and CO2, landfill gas containing CH4 and CO?, biomass and sewage gas containing 
C\\.\ and CO2, flue and waste gas mixtures containing CHa and CO*. 

174. (currently amended ) The process of claim 170 wherein the combined 
permeate from the membrane^ hydrogen and carbon dioxide gas mixture is consumed as 
fucl-oxidant in a consecutive molten carbonate fuel cell. 

1 75. (currently amended ) The process of claim 174 wherein the flue hot gas 
emitted by the molten carbonate fuel cell te-^e is used for at least partial heating of the 
preceding far outer catalytic reaction zone. 
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176. i currently amended ) The process of claim 174 wherein flue hot gas 
emitted by the molten carbonate fuel cell containing carbon dioxide, to b e is recycled in 
i he inlet of the preceding far outer catalytic zone for use as reactant in the reforming 
ri'.'ictinn. 

177. (currently amended ) The process of claim 174, wherein the molten 
ciirhonniu fuel cell is of a- cylindrical shape and its fuel anode encloses the cylindrical 
ncrmrcactor w ord e r to receive and connumo by receiving and consuming directly as fuel 
l he permeate hydrogen -carbon dioxide mixture, and with where in the flue hot g;is 
emitted by the fuel cell to be is used for at least partial heating of the enclosed far outer 
catalytic reforming zone. 

I7M. (previously presented) The process of claim 170 wherein the reject exil 

stream consisting of hydrogen and carbon monoxide entersas fuel gas feed in thr anode 
of u consecutive solid oxide or molten carbonate fuel cell for continuous generation of 
ck*ctricit>. 

1 79. I currently amended ) The process of claim 1 78 w44h where in the Hue hoi 

y;is emitted by the solid oxide or molten carbonate fuel cell to b e is used lor at least 
purtiiil heating of the preceding far outer catalytic zone. 
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ISO. t currently amended ) The process of claim 1 78 wtto where i n the ilue hot 

L'iis emitted by the solid oxide or molten carbonate fuel cell containing carbon dioxide, 
Ih» is recycled in the inlet of the preceding tar outer catalytic zone for use as reaetam in 
the rctniming reaction. 

181. ( currently amended ) The process of claim 170. wherein the reject exit 

si ream rich in hydrogen und carbon monoxide ufler steam condensation is used its J'tiel 
iced in a gas engine or a gas turbine for continuous generation of electricity, with 
^herein part or all of the permeate hydrogen and carbon dioxide coming out of the 
preceding membrane zone to-be is fed as well in the engine or turbine in order to provide 
for supplementary hydrogen fuel. 
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